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The lntmmnlul relations of the trlganlnul (V) and fud-l (Vll) nerves have

muellert, Hyla pulchella andina, ' "anmsls,
sauvagil, and Scinax Whole mounts
stained for nerves sections were

prepared
for this purpose. H. pulch:"a andina, P. sauvagil, S. fuscovarla and P.
biligonigerus have the trigeminal and facial ganglia fused at similar stages of
larval development. In later larval stages this fusion progresses to the roots of
these nerves. In early stages of development of D. muelleri the trigeminal and
facial roots are fused; in Inter larval stages this fusion occurs at the ganglll c
cramwelli and L. ifanensis have the trigeminal and faclal nerves separa
throughout their lawval development. In C. cramwelli fusion of the gnnglla mka
place before whereas the in L. Hanensis
untll metamorphosis ends.
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The importance of larval characters in anuran classification has been stressed by
ORTON (1957), STARRETT (1973) and SokoLr (1975). Some of these characters have been
mcorporated nto phylogenetic analyses of the taxon in order to define monophyletic
groups (DUELLMAN & TRUEB, 1985; FORD & CANNATELLA, 1993). Among such characters
one refers to the relation between the trigeminal (V) and facial (VII) nerves.

In the majority of anurans, as distinct from other vertebrates, the ganglia of the
trigeminal and facial nerves are fused in a single prootic ganglion, and all rami of both
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nerves emerge from the skull through a single prootic foramen, which lies immediately
anterior to the otic capsule (GoopricH, 1930; DE BEER, 1937). The fusion of these gangha
was proposed by SokoL (1975) as a derived condition for a group of anurans and their
larvae. Anurans with Type Il larvae (Discoglossoidei) have separated trigeminal and
facial nerves, with their rami transversing the skull through two foramina separated by the
prefacial commissure Anusans with Type IV, I and I larvae (Ranoidei) have a prootic
ganglion and a single cranial foramen for exit of the trigeminal and facial rami. Different
degrees of fusion of the nerve roots among the Ranoidei tadpoles were mentioned by
Sokot (1975, 1977, 1981).

The Ranoidei proposed by SokoL (1975) were later renamed Pipanura by Forp &
CANNATELLA (1993). Fusion of trigeminal and facial gangha 1s included among their
synapomorphies, although the information related to this character among the taxa
mvolved is scant.

The existing information on trigeminal and facial nerves 1n anurans 1s summarized in
tab. 1. Ths calls attention to: (1) the limited number of species 1n which the character has
been investigated; (2) the lack of uniformuty n the information, which makes comparison
difficult, because different stages of ontogeny were studied.

Because data in the literature exist for only six genera, we decided to review this
character in neobatrachian anurans. For this purpose, we investigated premetamorphic
larval sequences of species belonging to three major anuran groups which are not closely
related.

Ceratophrys cranwelli, Lepidobatrachus Hanensis and Physalaemus biligonigerus are
included in the “Leptodactylidae”, considered a paraphyletic group (ForD & CANNA-
TELLA, 1993). C. cranwelli and L. lHanensis are in a subfamily different from that of P.
biligonigerus (DUELLMAN & TRUEB, 1985).

Hyla pulchella andina, Phyllomedusa sauvagii and Scinax fuscovaria are members of
the Hylidae, a taxon defined by a single synapomorphy (FORD & CANNATELLA, 1993). Both
H p andina and S. fuscovaria are grouped in a subfarmly different from that of P. sauvagit
(DukLLMAN & TRUEB, 1985).

Dermatonotus muellers is included in the Microhylidae, whose monophyly has been
supported by some synapomorphies (FORD & CANNATELLA, 1993).

‘We analyzed trigemunal and facial nerves relation during development in these species
and reviewed the available literature on this subject in order to evaluate an important
character that has been considered in recent anuran phylogemes.

MATERIAL AND METHODS

The larval specimens were examined at different stages up to the beginning of
metamorphosis, in accordance with GOSNER’: s (1960) table. The larval stages analyzed are
specified for each species because of the I were
not available. The skulls of larvae and adult speclmens were also analyzed in order to
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FABREZI & CHALABE 3

“Tab. 1 - Condensed nfermation from literature in which there arc observanons of trigeminal and facial
gangha and roots, and prefacial commissure in anurans

Family B W Specamens, | Vand VI1 | Vand VI | Pretaciat
(LAURENT, 1986) s ullioe awlyzed | gangha | roots
Leiopeltmatidas Ascapiues Puscy, 1938 Outogeny | Sepacated | Sepacated | Presenc
Vay BEDEN, 1951 Oncogeny | Scpacated | Separated | Presenr
Leiopelma Puscy, 1938 Onogeny | Separaied | Separated | Preseat
VAN ELDEN, 1951 Onogeny | Separated | Sepacated | Brescrc
STaniensor, 1951 | Owopeay | Separated | Scpacated | Presenc
Discoglossidac Bombira pusey, 1938 Adult | Separatod | Separated | Presemt
Van EEDEN, 1951 Adult | Separsed | Separated | Presouc
Larval stage | Separated | Separated | Presenc
Alptes Larvat saage | Sepacaced | Separated | Presens
PUSEY, 1938 Adule | Conguous | Separated | Prescar
VAN Exow, 1951 Adile | Conuguons | Separsied | Present
Discoglassus PUSEY, 1943 Advlc Fused | Scparated | Present
VAN ECDEN, 1951 Aduic Fused | Separsted | Present
SCHLOSSER & RO, 1995 | Larval suage | Separated | Sepacaied | 7
Pelobatudae Pelobates PLASOTA, 1974 Ontogeny | Fused » Absent
Rocz, 1980 Onogeny | Fused 2 Absenc
SoKoL. 1975 Larval siage | Fused | Scparated | Absenc
Scaptucpus SokoL, 1975 Lavalsuge | Fused | Fused | Absent
Pelodyudae Pelodytes Sokot, 1981 Larval sage | Fused ? Absent:
Sokot, 1975 Larvaf sage | Fused 2 Absenc
Puidzc Xenopus SokoL, 1977 Larvalstage | Fused ? Abseot
Pipa SokoL. 1977 Larval sage | Fusod 2 Absent
i Sokot, 1977 Larval siage | Fused 2 Absent
PaTERSON, 1951 Addlc | Fused | Soparaied | Presea
Myobairachidae Heleophryne | VAN DER WESTHIZEN, 1961 | Ontogeny | Fused ’ Absenc
JACOBSON, 1968 | Larval suge | Fused H Absent
Pleurodema Sokor, 1975 Larval stage | Fused | Separued | Absent
Rawdae Rana DEBEER, 1937 Ouogeny | Fused 2 Absent
PuseY, 1938 Onogeny | Fused 2 Absent
D Joxa, 1968 Ontogeny | Fused 2 Absent
PLASOTA, 1974 Onogeny | Fused ? Absent
Mictobylidae Breviceps | Swawepor, 1971 OQuogeny | Fuwed | Fusd | Abson
Hypopachus Sokor, 1975 Larvalsiage | Fused | Fused | Abseat
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venify the state of the foramen for exit of tngemmal and facial nerves. The preparauons
studied are listed in app. 1. They have been d d in the her it 1] of
the Museo de Ciencias Naturales (MCN), Universidad Nacional de Salta, Argentina, and

of the Fundacion Miguel Lillo (FML), Argentina.

The whole mounts stained for peripheral nerves were prepared with Sudan Black B
and maceration in trypsin (FILIPSKI & WILSON, 1984, 1985; NisHIKAWA, 1987). The 10 um
transverse serial sections were obtained using current histologic techniques, with
hematoxylin-eosine coloration. The whole mounts stamned for bone and cartilage were
processed by the technique described in WasSERSUG (1976).

Observations and photographs were made using a stereomicroscope and an optical
microscope.

We consider it necessary to explain that the term “root” is used for describing the
preganghonic part of the nerve.

REsuLTS

“LEPTODACTYLIDAE”™

Ceratophrys cranwelly

The specimens at larval stage 31-34 show the trigeminal and facial nerves completely
separated (fig. la-b) and the trigeminal ganglion is clearly defined. The skeletal
preparations of larvae and adulis present an undivided prootic foramen.

The facial nerve (VII) enters the rhomt halon with the ibul hlear nerve
(VIII) posterior to the root of the trigeminal nerve (fig 2a). The facial root and the
lateral-line nerves are together. They take a rostro-ventral course and diverge at the

prootic foramen level in the prominent truncus b dibularis and the antero-d.
lateral-line nerve. The truncus hyomandibularis lies below the ascendent process and
bocular arch of pal drate and extends toward the anterior elements of the

hyobranchial skeleton (fig. 2b). The antero-dorsal lateral-line nerve is thin and branches
n two rami.

The trigeminal nerve has 1ts root in an anterior position and dorsal to the facial root
(fig. la-b, 2b). The ganghon of this nerve is prominent (fig 1b, 2b), and two branches
diverge from 1t, namely: (1) the ramus ophthalmicus profundus lies ventral to the
ascendent process of the palatoquadrate and runs anteriorly along the orbat wall toward
the ethmoidal area (fig. 1a); (2) the truncus maxillo-mandibularis lies above the ascendent
process of the palatoquadrate and diverges in the middle of the orbit into maxillaris and
mandibularis branches (fig. la).

The specimen at stage 42 presents complete fusion of the trigeminal, facial,
lateral-line, and vestibulo-cochlear roots. The roots and ganglia of trigeminal and facial
nerves show no separation, and 1t 15 possible to differentiate the components of each nerve
only at the prootic foramen level.
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Fig. 1. — (a) Whole mount larval specimen of Cerataphrys cranwell (stage 33) stamed for peripheral
nerves. , facial, lateral-line, and vestibul ‘hlear nerves are shown Bar: 0 59
mm. — (b) Detail of trigeminal and facial nerves of the same specimen as seen from dorsal
view. The trigeminal ganglion shows no connections with facial nerve. - (¢) Whole mount
larval specimen of Lepidobatrachus Hanensis (stage 33) staned for peripheral nerves. Ventral
view in which the inal, facial, lateral-line, and bul hlear nerves are observed.
Bar 120 mm. — {d) Detail of the trigeminal and facial nerves 1 same specimen as n (c). No
fusion of trigeminal and facial nerves can be observed. — Abbreviations adll, antero-dorsal
lateral-ine nerve; gtr, trigeminus ganglion; md, ramus mandibulans of trigeminus; mx, ramus
maxillaris of trigemi TO, ramus of tr rfall, facial and
lateral-line roots; rtr, trgeminal root; thm, truncus hyomandibulans, tmxmd, truncus

I i is of trigeminus; vbe, bul hlear nerve
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Fig. 2. — (a) Transverse section of larval specimen of Ceratophrys cranwellt (stage 33) at the level of
the anterior half of the otic capsule; the facial and lateral-line roots are dorsal to the
vestibulo-cochlear nerve. — (b) Transverse section of larval specimen of Ceratophrys cranwells
(stage 33) at the level of prootic foramen; trigeminal ganglion 15 defined and separated from the
truncus hyomandibularis and antero-dorsal lateral kne nerve ~— (c) Transverse section of larval
specimen of Phyllomedusa sauvagu (stage 33) at the level of anterior half of the otic capsules,
m which the position of trigeminal, facial and lateral line roots is marked. — (d) Transverse
section in larval specimen of Phyllomedusa sauvagii (stage 33) at the level of a plane anterior
to that of (¢). Structure of the prootic ganglion 15 shown. — (e) Transverse section of larval
specimen of Phyllomedusa sauvagii (stage 33) at the level of the prootic foramen, in which the
outlet of the ramus ophthalmicus profundus and truncus hyomandibulans of the prootic
ganghon are observed. - (f} Tranverse section of larval specimen of Dermatonotus muelleri
(stage 33) at the level of the olic capsule, in which the fusion of the trigeminal, lateral-line and
facial roots is observed.  (g) Transverse section of larval specimen of Dermaronotus muelleri
(stage 33) at the level of the anterior imit of the otic capsule, in which the prootic ganglion is
observed. — Abbreviations: gpro, prootic ganglion; rfa, facial root; rll, lateral-iine root; other
abbreviations as in fig. 1.
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Lepdobatrachus llanensis

The specimens at larval stages 31, 33 and 35 present complete separation of trigeminal
and facial nerves (fig. 1c-d). The skeletal preparations of larvae and adults present a single
prootic foramen.

The facial and lateral-line roots are in a posterior and ventral location with respect
to the trigeminal nerve root (fig. 1d). The same trigeminal, lateral-line, and facial rami as
those described for C. cranwelli are observed here (fig. 1c).

In the stage 37 specimen an approximation of the trnigeminal and facial roots 1s
observed In the stage 42 specimen the ganglion of the trigeminal nerve and its root
maintain their distinctness. The prootic ganglion 15 completely formed in the adult
specimen.

Physalaemus biligonigerus

The specimens analyzed present trigeminal and facial roots separated from each other
(fig. 3a), but anteriorly the prootic ganglion 15 already evident at the earliest stages (31-35).
In whole mounts stained for bone and cartilage the prootic foramen 15 present. All the

trigeminal, facial, and lateral-line rami bed for C. cranwelli are recognized (fig. 3a).
The sepamnon of the nerve roots becomes less evident from stage 37 onward.

HYLIDAE

Hyla pulchella andina, Phyllomedusa sauvagii and Scinax fuscovaria

The ontogenetic sequences analyzed in these species present similar characteristics.
The prefacial commissure is absent in larval and adult skeletal preparations. The
formation of a prootic ganglion is evident (fig. 2d- e, 3b), although trigeminal and fzmal
roots are separated (fig. 2¢-d, 3b). In more ad d stages of devel the
portion of each nerve can only be recognized at the level of the roots.

MICROHYLIDAE

Dermatonotus muelleri

The prootic foramen 1s evident in osteologic preparations of larval and adult
specimens. In the stage 27 specimen the truncus b dibularis and the trigeminal rami
are clearly di iated. They are ind d they enter the encephalon very close
together. The lateral-line nerve crosses its fibers from the facial nerve to trigeminal nerve.
No structure recognizable as a prootic ganglion can be distinguished. In stage 29, facial
and trigeminal roots are fused. In the stage 33 specimen, facial and trigeminal nerves are
integrated to form the prootic ganglion (fig. 2f-g, 3c-d).

Source . MNHN, Paris
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Fig. 3. — (a) Whole mount of farval specimen of I’hy:alaemxu bllxgamgeru.r (stage 33) stained for
nerves. The facial and iby nerves are indicated; the

trigeminal and facial-lateral-line roots are separated, but the presence of the prootic ganghion
is evident. Bar: 0.48 mm. — (b) Whole mount of larval specimen of Phyllomedusa sauvagii
(stage 33) obtained for peripheral nerves. The relations of trigeminal and facial nerves are as
in (a). Bar 1 mm.  (c) Whole mount of | larval speclmen of Dermatonotus muellers (stage 33}

obtamed for nerves The teral-line, and vestibul hlear nerves
are The tri and facial-lateral-line roots are fused and the presence of the
prootic ganglion is evident Bar: 052 mm - (d) Detail of the trigeminal and facial

relationships 1n the same specimen as in (). — Abbreviations: rie-fall, trigemunal, facial and
lateral-line roots; other abbreviations as 1n fig, 1-2
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DISCUSSION AND CONCLUSIONS

The fusion of the trigeminal and facial gangha presented by the anurans is an
important ch, in their phyloge although, as ioned, it has not been
sufficiently 1nvestigated.

Some data from the literature are not entirely in agreement with observations made
by SokoL (1975). For instance, fusion of the trigeminal and facial ganglia has been

ibed in p phic stages of Discogl (Pusgy, 1943; Van EEDEN, 1951) —
although mgemmal and facial ganglia can be clearly distinguished in D. pictus tadpoles
(ScHLossER & RoTH, 1995) — and the presence of the prefacial commissure has been
observed in Hymenochirus adults (PATERSON, 1951).

Information available for Pipanura is limited to seven genera of Mesobatrachia and
only six genera of Neobatrachia. This information is insufficient for a discussion 1n depth,
because for some taxa the character is described in a single larval stage, whereas for others
the condition for adult forms or final stapes of larval development has been superficially
mentioned (see tab. 1).

The presence of a prootic ganglion and separate trigerminal and facial roots observed
m Physalaemus biligonigerus, Hyla pulchella andina, Phyllomedusa sauvagii and Scinax
Jfuscovaria larvae is in agreement with the observations in Pleurodema (SoxoL, 1975) and
Rana (PUsEY, 1938). These species have the roots fused only near the ganglion. In later
ontogenetic stages, this fusion extends proximally.

The trigeminal and facial nerves are found completely separated m larvae of
Ceratophrys cranwelli and Lepidob hus llanensis, a istic which i in L.
Hlanensis until the start of metamorphosis. As this condition has not been referred to in
Pipanura (tab. 1), the observations made on these species give grounds for not accepting
the generalization proposed by SoxoL (1975) that Type 1V, IT and I larvae have a single
prootic foramen and fused facial and trigeminal ganglia.

The early fusion of the trigeminal and facial roots and subsequent formation of the
prootic ganglion observed in Dy muelleri larval d are in
with the information available on Breviceps adspersus (SWANEPOEL, 1971). Although
ontogenetic aspects of the trigeminal and facial relations have not been described for B.
adspersus, it is possible to deduce the process of fuston from roots to ganglia from the
schema included (SwaNEPOEL, 1971). In H hus — another mi id — a larval
stage occurs in which ganglia and roots are found completely fused (SokoL, 1975).

Although the information analyzed in this work is still very limited, the following
conclusions are obtained:

(1) The prootic ganghon is not present in all neobatrachian larvae.

(2) In neobatrachian ontogeny, formation of the prootic ganghon can occur in two
ways: in some species, formation of the ganglion precedes fusion of the trigeminal and
facial roots; in others, fusion of the roots occurs first.

(3) There are i pecific h hronies in the ion of the prootic ganglion.

Source . MNHN, Paris
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(4) Analyses of the intracranial relation of the trigeminal and facial nerves during
neobatrachian ontogeny will provide new information to clarify their phylogenetic
relationships.
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APPENDIX 1
LIST OF SPECIMENS EXAMINED

FAMILY LEPTODACTYLIDAE

Ceratophrys cranwelli. — MCN 021: whole mounts stained for peripheral nerves of
20 specimens at stages 31-34 and 2 specimens at stage 42; transverse serial sections of
2 specimens at stage 33; whole mounts stained for bone and cartilage of 10 specimens at
stages 31-34. FML 4534: whole mounts stained for bone and cartilage of 7 specimens at
stages 40-46. FML 4573: dry skeleton of 1 adult specimen, FML 4574: dry skeleton of
1 adult specimen.

Lepidobatrachus llanensis. — FML 4678: whole mounts stained for peripheral nerves
of 5 specimens at stages 31, 33, 35, 37 and 42; whole mounts stained for bone and
cartilage of 4 specimens at stages 31, 33, 37 and 44. FML 0420: dry skeleton of 1 adult
specimen. FML 1016: dry skeleton of 1 adult specimen. FML 5220' dry skeleton of 1 adult
specimen. FML 5221: dry skeleton of 1 adult specimen. MCN 081: dissection of 1 adult
specimen.

Physalaemus biligonigerus. — MCN 043: whole mounts stained for peripheral nerves of
22 specimens at stages 31-42; whole mounts stained for bone and cartilage of 10 specimens
at stages 32-41. MCN 157: whole mounts stained for bone and cartilage of 4 adult
specimens.

FamiLy HYLIDAE
Hyla pulchella andina. — MCN 024: whole mounts stammed for peripheral nerves of
14 specimens at stages 31-42; whole mounts stained for bone and cartilage of 10 specimens

at stages 33-39. MCN s/n: whole mounts stained for bone and cartilage of 2 adult
specimens.
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Phyllomedusa sauvagii — MCN 061: whole mounts stained for peripheral nerves of
18 specimens at stages 31-42; transverse serial sections of 2 specimens at stage 33; whole
mounts stamned for bone and cartilage of 7 specimens at stages 33-38. FML 3823: whole
mounts stained for bone and cartilage of 2 adult specimens.

Scinax fuscovaria. — MCN 027: whole mounts stained for peripheral merves of
19 specimens at stages 31-41; whole mounts stained for bone and cartilage of 7 specimens
at stages 33-38. MCN 072: whole mounts stained for bone and cartilage of 2 adult
specimens.

FaMmiLY MICROHYLIDAE

Dermatonotus muelleri. — FML 4694: whole mounts stained for peripheral nerves of
6 specimens at stages 27, 29, 30, 33, 35 and 37; whole mounts stained for bone and
cartilage of 3 specimens at stages 33-35. MCN 056: whole mounts stained for peripheral
nerves of 5 specimens at stages 31-36; transverse serial sections of 3 specimens at stage 33;
whole mounts stained for bone and cartilage of 7 specimens at stages 35-41 FML 1074:
whole mounts stamed for bone and cartilage of 1 adult specimen.
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